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A General Route to Terminally Substituted Allylic Derivatives

of Silicon and Tin. Preparation of Allylic Lithium Reagents.

Abstract.

Wittig reactions of the appropriate /3_trimethyistannyl

and ,3 -trimethylsilyl-ethyltriphenyiphosphonium salt-derived
ylides (Ph

3
P=CHCH

2SnMe3, Ph
3
P=CHCH

2
SiMe3, Ph

3
P C(Me)CH

2
SiMe

3
in the examples presented) with aldehydes and ketones provide a

useful , general route to allylic compounds of silicon and tin.

The required phosphonium salts are readily prepared by alkylation

of phosphorus ylides with Me
3
SnCI-1

2
1 and Me

3
SiCH

2I. The allylic

tin compounds thus prepared were converted to the respective

allylic lithium reagents in high yield by transmetalation with

methyllithium in tetrahydrofuran.
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Sir s

We have reported recently concerning the synthesis and the

unusual regioselectivity of g~~-dichloroallyl1ithium in carbonyl

addition reactions.1 The results of this study prompted further

interest in unsymmetrically substituted allyllithium reagents of

general types .2. and ~~~. Three major routes are available for the

H H

H’ . + ~~H . +
Li Li

1

synthesis of allylic lithium reagents: direct lithiation of olefins ,2

allyl ether cleavage with metallic lit hium,3 and transmetalation

reactions of allylic derivatives of heavy metals, principally of

tin and lead.

We describe here a new , general route to allylic derivatives

of tin of types 3 and ~~~. These are useful starting materials for

Me
3

SnCH2CH=CHR Me
3

SnCJ-L2CH CRR ’

I

allylic lithium reagents of types 1 and ~ , where Y and Z = alkyl

and aryl. Our new allyltin synthesis has added importance in view
compounds

of the newly developed utility of the al1yltin~ themselves in organ-

ic and organometallic synthesis.5 Furthermore , this general pro-

cedure can be extended to the synthesis of allylsilicon compounds

analogous to 3 and ~ , and , although this has not yet been examined ,

also of allyl compounds of germanium and lead. This is of interest , 
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since allylsilanes also have found useful applications in organic
• 6synthesis in recent years.

The general concept involved in our allylmetallics synthesis

is based on an allyltin preparation of ]-Iannon and Traylor.7 These

workers used the reaction of trimethyltinlithium with vinyltri-

phenylphosphonium bromide to prepare the ylide Ph
3
P=CHCH2SnMe3,

which could be used in a ~1ittig reaction with cyclohexanone .
8 In

our hands, however , this procedure gave only moderate yields of the

expected allyltin compound , Me
3
SnCH2CH=C6H10-~

yclo ( Li.L~~ , Wittig

reaction at _ 9 3
0

; 48Z, at room temperature), based on the 1:1

Me
3
SnLi/LPh

3
PCH=CH2]Br stoichiometry used, and , moreover , a consid-

~rable portion ( ‘~~ 5O~~) of the trimethyltinlithium was converted

to hexamethylditin during the course of the reaction.

Our new procedure uses the same Wittig reagent but involves a

different preparation, as shown in eq. 1 and 2. The phosphonium

Ph
3
P=CH2 + Me

3
MCH2I 

— 
~~

— [Ph
3

PCH2CH2MMe
3II 

(1)

(M Sn, Si)

(Ph3
PCH2CH2MMe

3) 
I 1- RLI ~~~

- Ph
3
P=CHCH2MMe

3 
+ RH + Lii (2)

(R =(Me2CH)
2N when N = Sn;

R = C H
3

when M~~~Si)

halides, [Ph
3

PCH2CH2SnMe
3]I 

and CPh
3
PcM2cH2siMe3

)I, were isolated

in better than 85~ yield and were fully characterized. That this

procedure is extendable to the synthesis of [Ph
3

PCH(R)CH
2MMe

3
]I

salts was demonstrated by the preparation of [Ph
3

PCH(Me)CH2SiMe
3
]I

by reaction of Ph
3
P~CHCH

3 
with Me

3
SiCH2I. ThiG procedure is si~ pie

and easily carried out. The preparation of the required phosphorus



• ~~~~~~~~~~~~~~~~~~ .~~ -

ylides presents no special difficulties , and the iodomethyl com-

pounds are fairly easily prepared, Me
3
SiCH2I by the action of

sodium iodide in anhydrous medium on the readily available Me
3
Si-

CH2C1,9 Me
3

SnCH2I by the reaction of ICH2ZnI with trimethyltin

chloride .10 The ethereal phosphorus ylide solution is added

slowly to the cooled (ice bath) ether solution of the iodomethyl

compound (nitrogen atmosphere). The reaction mixture is stirred

at room temperature for 12-15 hr. and then the phosphonium halide

which has precipitated is filtered. In the case of the Ph
3
P=CH2/

Me
3

SnCH2I reaction , the phosphonium salt product was obtained ad-

mixed with 10-15/a of(Ph
3
PMeJI. Although this impurity may be re-

moved by fractional crystallization , such processing is rather

wasteful. Since the impurity in subsequent ~Jittig reactions gives

olefinic products which are much more volatile (and hence easily

separated) than the allyltin products , it is our usual practise to

use the crude [Ph
3

PCH2CH2SnMe
3)I 

after its purity has been assessed

by NMR spectroscopy .

The /~ 
-trimethyistannylethyiphosphonluin iodide undergoes

thermal decomposition at its melting point , evolving ethylene in

a fr_elimination reaction (eq. 3), but the silicon analog is

> 123°
Me
3
Sn-CH2—CH~-PPh3 

)‘ Me
3
SnI + CH2=CH2 + PPh3 (3)

I

stable well above its melting point of 163-l6Li.5°.

The /3 -stannyl- and ,6-silyl-substituted phosphonium halides

may be deprotonated to the respective ylides, both of which form

deep red—orange solutions in diethyl ether and in tetrahydrofuran. 

------- -----•----—~~~~~~ - -~~~~~ - — ~~~~~~
-

~~~~ ~~~~~~ • • ~~~~~~~~
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Methyllithium serves well as the base in the case of fPh
3
PcH2cH2-

SiMe3lI and (Ph3
PCH(CH

3
)CH

2
SiMe

3
1I, but for the deprotonatiori of

[Ph3
PCH2CH2SnMe3)I

, lithium amides, R2NLI (R Me2CH or Me3
Si),

must be used since organolithium reagents do not react regio-

specifically , attacking in part at tin as well as at the protons

~~to phosphorus. The ylides formed, Ph
3

P~ C1-[CH
2Sn1VIe 3, Ph

3
P=CH-

CH2SiMe
3 

and Ph
3
P=C(Nie)C1-i

2
SiMe

3
, react readily with aldehydes and ,

in general , somewhat less well with ketones, to give the expected

allyistannanes and allylsilanes (eq. 4; Table ~

THF
Ph
3
P=CHCH2MMe3 

+ RR’C=O ) Me
3
MCH2CH CRR ’ + Ph

3
PO (4)

The three allylic tin compounds in Table 1 undergo ready con-

version to the respective allylic lithium reagents , e.g., eq. 5.

Me
3
SnCH2CHO + MeLi 

THF

H”

+ Me4Sn (5)

In a typical reaction , ~ (3.74 inmol) in 200 ml of dry THF at 0
0,

under nitrogen , was treated with 4.1 rnrnol of methyllithium in di-

ethyl ether. The resulting yellow solution was stirred for 30 mi

at 00 and then 20 mznol of acetone was added. After the reaction

mixture had been stirred at room temperature for 30 mm ., hydrolyt-

ic work-up was followed by GLC analysis of the organic phase to

establish the presence of ~ in 89$ yield. The results of these

Q( c(oH)Me2 6
CH:CII

~ 
—
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TABLE 1. Footnotes

a Reactions were carried out in TI-IF medium. The reactants were

mixed at room temperature and the reaction mixture was stirred

and heated at reflux under nitrogen for 12-15 hr. Trap-to-trap

distillation at 0.05—0.1 mm into a receiver cooled to —78°

gave a solution of the product which was analyzed by GLC . In

larger preparative-scale reactions the product was isolated by

vacuum distillation.

b - - -The procedure in (a) gave only a yield of 2~~ . In this reaction

the THF solvent was replaced by toluene and the reaction mixture
then was heated at reflux for 40 hr.

C Stereochemistry was not assigned.



experiments are illustrated in Charts 1 , 2 and 3. The product

yields are uniformly excellent . A discussion of the observed

regioselectivities in the reactions of these ambident reagents

will be defered until this study has been completed.

~ It is obvious that this new route to allylic compounds of

silicon and tin should be quite general in its scope of applic a-

bility. By appropriate variation of the phosphorus ylide and the

carbonyl substrate in these reactions , allylic derivatives of sil-

icon and tin of type Me~MCH~C(R)=CR’R” , where R , R’ and R” should

be capable of wide variation, should be accessible. The allyltins

thus prepared would provide starting materials for many new allyl-

Ic lithium reagents. In many cases the direct lithiation pro-

ce dure , the reaction of RLi/Lewis base or RLi/IV1e~0K with an approp-

riate unsaturated hydrocarbon , would provide the simplest route

to the desired allylic lithium reagent.~
’ However , the additives

which usually are required to effect such metalations may not al-

ways be compatible with other functionality in the carbonyl react-

ant or may interfere in other ways. Also , there will be instances

when the appropriate unsaturated hydrocarbon is not available.

Thus the versatility of our new procedure and its ease of appli-

cation may prove very useful in organic and organometallic syn-

thesis. -
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